Abstract-The electrostatic potential associated to the interface oscillation modes in nitride-based heterostructure is calculated with the use of a complete phenomenological electroelastic continuum approach for the long wave optical oscillations, and the Surface Green Function Matching technique. The crystalline symmetries of zincblende andisotropically averaged -wurtzite are both considered in the sets of input bulk frequencies and dielectric constants.
INTRODUCTION
The description of the long wavelength polar optical modes in nitridebased heterostructures with wurtzite structure has been put forward since the mid nineties within a formalism that combines the socalled dielectric continuum model (DCM) together with the Loudon's uniaxial model [1] . Studies on the subject have continued until very recently [2] [3] [4] . In these works, different polar optical phonon branches have been identified as interface modes, half-space modes, confined or quasi-confined modes, and propagating modes. At the same time, the corresponding electron-phonon interaction Hamiltonians were derived.
In a recent paper Mora-Ramos et al. [5] calculated the interfacepolar-optical-phonon-limited mobility for electrons in the conduction band of AlGaN/GaN single heterostructures using the model and interaction Hamiltonian presented in [1] . The outcome of their calculation revealed values for the room temperature mobility well below the most of the experimental reports in such kind of systems. Since several different approaches for the calculation of single electron conduction band states were tested, the problem seems to be related with the particular approach for the optical phonon modes that arises from the uniaxial DCM.
The discussion about the suitability of the DCM for a complete phenomenological description of the optical phonon in polar semiconducting heterostructures dates back to the early nineties [6, 7] . The limitation of the DCM for dealing with the mechanical boundary conditions was then highlighted, and a continuum phenomenological electroelastic model (CPELM) was proposed instead. This model was later applied to the study of polar optical phonon modes in AlGaAs/GaAs single heterostructures [8] , in combination with the method of Surface Green Function Matching (SGFM).
SOME COMMENTS ON THE THEORY
We will use the CPELM-SGFM formalism in the present article. Due to its rather involved mathematical framework, the reader is referred to references [6] [7] [8] [9] for details.
The CPELM deals exclusively with systems made of semiconductors with cubic crystalline symmetry. Nevertheless, we believe that some new information, regarding the interface phonon modes, can be derived with its application to heterostructures of materials bearing hexagonal symmetry such as the wurtzite nitrides. For this purpose, the procedure implies the isotropic averaging of the main input parameters of the model. These are the bulk longitudinal and transversal phonon frequencies at the Brillouin Zone center, and the dielectric constants. Besides, it is also needed to average the values of the parameters β L , and β T . They are related to the phonon dispersion curves in the bulk, which can be well approximated by ω 2
for the longitudinal and transversal phonons respectively. Since the CPELM is a long wavelength model, its application is usually restricted to a small region -of about 10% -of the Brillouin zone, around the Γ point. This is precisely the region where the parabolic approximation of the dispersion relation appropriately applies.
The work is restricted to deal with GaN-AlGaN structures. We are considering a system that consists of two half-space layers. The one made of Al x Ga 1−x N is located at the z < 0 region, while for z > 0 we have the GaN. For the case of zincblende materials we use the following input parameters:
The corresponding expressions for the cubic alloy Al x Ga 1−x N are obtained by applying the Vegard's law to each of them. That is, f (Al
In the case of the wurtzite nitrides, we have: ∞ (GaN ) ⊥T (AlN ) = 2.69 × 10 −12 ; Vegard's law is also applied to these quantities, in order to deal with their values for the alloy.
The indexes "z" and "⊥" label the A1 and E1 infrared-active polar optical mode of the wurzite structure, respectively. The dependencies of the frequencies of these optical modes upon the aluminum molar fraction have been studied in greater detail. The longitudinal modes have a one-mode character. The corresponding frequencies are:
The transversal modes have two-mode character, GaN-like and AlNlike, with frequencies given by: ω z (GaN ) = 532+65x−2x(1−x) cm −1 , ω z (AlN ) = 551 + 55x; ω ⊥ (GaN ) = 557 + 53x cm −1 , ω ⊥ (AlN ) = 617+47x cm −1 . All these data have been collected from different works (see references [10] [11] [12] [13] [14] [15] [16] ). To grant the application of the CPELM to the wurtzite heterostructures, the "z" and "⊥" values are isotropically averaged. Figures 1 and 2 show the local density of states (LDOS) for SHS with cubic and hexagonal symmetry, respectively. The peaks correspond to the value of the interface polar optical phonon oscillations. The set of LDOS peaks for different values of the phonon wavevector κ generates the dispersion relation of the interface mode. These dispersion relations for nitride SHS are shown in Figure 3 for some values of the Al molar fraction x. tory behavior is observed on the AlGaN side of the SHS. In fact, the amplitude of the small oscillations of φ in that region depends on the magnitude of the phonon wavevector. It is more apparent for higher values of κ. To explain this, one should remember that we are studying the GaN-like modes only. For these modes it fulfills that ω(κ) < ω LO in the region z < 0. The decaying behavior of ϕ is readily noticed. It is, in fact, very stepped. Consequently, the width of the region of penetration is extremely narrow. This suggests that the actual contribution of this mode to the electron-phonon matrix elements might be significantly low. Work on this subject is in progress.
RESULTS AND CONCLUSIONS

